Tool vibration is a dynamic instability of the cutting process, which is a result of the interaction between the metal cutting process and the dynamics of a machine tool. The presence of such tool vibration leads to a poor surface finish, which results in cutting tool damage and the production of irritating and unacceptable noise. In order to reduce tool vibration, a magnetorheological fluid damper was developed that will respond to an applied field with a dramatic change in their rheological behaviour. The essential characteristic of these fluids is their ability to reversibly change from a free-flowing, linear, viscous liquid to a semi-solid with a controllable yield strength within milliseconds when exposed to a magnetic field. The present investigation aims to analyse the behaviour of a tool holder when attached with a magnetorheological damper during the turning operation using analytical and experimental methods. A Mathematical model was developed and the amplitudes of the tool vibration and chip thickness were calculated. Cutting experiments were conducted to study the effect of the magnetorheological damper on tool vibration, chip thickness etc. and to validate the results of the proposed mathematical model. From the results, it was observed that the use of the magnetorheological damper reduces tool vibration effectively and its results matches the results obtained from the numerical method.
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NOMENCLATURE m1
equivalent mass of tool holder m2 equivalent mass of damper C1
Damping constant of tool holder C2
Damping constant of damper k 1 stiffness of tool holder x 1 (t) chip thickness K 2 stiffness of damper y 2 (t) amplitude of tool vibration F t Forces acting in tool holder F d
Forces acting due to damper M R Magnetorheological
INTRODUCTION
Tool vibration is a frequent problem in the manufacturing industry, where metal cutting operations take place. Excessive tool vibrations during machining will increase the tool wear and cause poor surface finish. 1 In metal cutting, tool vibration is the most influential factor affecting the surface quality of the machined surface. 2 In order to reduce these vibrations and to obtain a better result in terms of surface finish, tool life, and other such factors, a magnetorheological damper was developed. Spencer et al 3 were the first among researchers who tested MR Fluid techniques to isolate vibration and it was found that the rheological damper was more effective than the conventional viscous damper. 4 Wang and Fei 5 tried to suppress chatter in a boring bar by using electrorheological fluid. As a result, they developed an on-line chatter detection and control system. Genc and Phule 6 observed that by varying the parameters associated with MR fluids, such as volume, particle size, fraction of solids etc., the properties of the MR fluids can be varied. It was also found that chatter could be suppressed more effectively by adjusting the damping and natural frequency of the system in a boring bar by using MR Fluid Dampers. 7 Sathianarayanan et al. 8 investigated method to improve damping capability by suppressing chatter in boring tools using an MR damper. From the results they concluded that the MR damper reduces the possibility of chatter and improves the stability of the boring operation.
Bajkowski et al. 9 described, analysed, and numerically simulated a lumped mass model for a damper filled with a magnetorheological fluid and established a solution for the quasi static problem. Chen and Tsao 10 proposed a new approach to analyze the stability of cutting processes by considering the
